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(3) Method and apparatus for tolerancing three dimensional drawings. 

(g) A method and apparatus for tolerancing a three dimensional drawing on a computer aided design 
system is disclosed. A datum (34) is defined with respect to a three dimensional object (32) shown on a 
CAD system. A tolerance type is selected as is the numerical value for the tolerance. A geometric 
element from the CAD model is then selected such that the tolerance applies to the selected element 
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The present invention relates generally to com- 
puter aided design (CAD) and more particularly to a 
method and an apparatus fortolerancing three dimen- 
sional drawings. 

For many years final design parts for machines s 
were drawn on paper in two dimensions. Depending 
on the complexity of the part from one to several . 
pages of two-dimensional drawings were completed 
to fully describe a part To produce the finally desig- 
ned part an Engineer or a Machinist would read and 10 
interpret several pages of the two dimensional draw- 
ings and machine the part Once machined, one of 
several processes could be used to mass produce the 
part In essence, a critical portion of the design phase 
of a machine included the paper system of describing 15 
parts. 

In recent years computer software and computer 
hardware have been developed which allow an 
Engineer or Draftsman to draw and design a part in 
three dimensions on a computer screen. This has 20 
eliminated much of the paper system and streamlined 
the design process overall. For example, now an 
Engineer or Designer can store the part in the memory 
of a computer or on a disk outside a computer. In addi- 
tion, a designed part can also be sent electronically 25 
from one Engineer to another to see if certain design 
criteria are met or to approve a drawing. Also, a de- 
signer can spin the part on a computer screen to 
check the part from various angles which eases . 
inspection of the drawings. 30 

Most of the conventions for placing dimensions 
and tolerances on drawings were developed during 
the days when most parts were fully described using 
a two dimensional paper system. Many of these con- 
ventions are easily changed to accommodate the new 35 
three dimensional computer systems. Other conven- 
tions have been changed with some effort An 
example of such a change in convention is described 
in U.S. Patent 4,855,939. The change described in 
this patent deals with dimension lines on the three 40 
dimensional figures. When a drawing is taken from 
two dimensions to three, many times the fines used to 
indicate the ends of a particular dimension are confus- 
ing. Also, when a drawing is spun the dimension lines 
may be positioned awkwardly and without regard to 45 
the conventions. The patent uses "dogleg extension 
lines" to prevent confusion and also uses computer 
software instructions to automatically correct the 
presentation of dimensions. 

Still other conventions have not changed and so 
continue to be applied in the same ways. One 
example of such a convention is known as geometric 
dimensioning and tolerancing. Geometric dimension- 
ing and tolerancing are a set of symbols and proced- 
ures which are applied to a two dimensional drawing. 55 
Presently, applying the conventional geometric 
dimensioning and tolerances to a finally designed part 
on a computer system required the designer to con- 



vert the three dimensional part to two dimensional 
drawings. Datums were defined and the part was 
dimensioned and toleranced in two dimensions. 

There are several problems with the present way 
in which the convention of geometric dimensioning 
and tolerances is applied to parts. For example, the 
part which has been toleranced and dimensioned in 
two dimensions is still subject to interpretation upon 
reading the paper prints of the part Most notably 
datums which represent planes on a paper print may 
abut a line and a human being must interpret to which 
plane a particular datum applies. When a human is 
needed to interpret the prints, the process of making 
the part is much more prone to mistakes. Another 
problem related to human interpretation is that there 
is no way known for a computer to consistently con- 
struct the dimensions and the tolerancing for the part 
in three dimensions from the two dimensional draw- 
ings which require interpretation. Still a further prob- 
lem is that the electronic three dimensional image is 
less useful when it does not have the capability of car- 
rying the dimensions and tolerances with it In order 
to build the part to specifications then the two dimen- 
sional counterpart must be referred to. 

This lack of dimensions and tolerances on three 
dimensional computer drawings has implications to 
the future as well. One of the goals of the computer 
software and computer hardware is to allow the part 
to be manufactured directly from the final electronic 
three dimensional drawing of the part This goal is not 
obtainable unless dimensions and tolerances can be 
electronically carried and shown with the part in a 
computer image. One example of how critical this car- 
rying of dimensions and tolerances is to the goal of 
total automation concerns the fact that tolerances are 
very key to the manufacturing process. For example, 
if very small tolerances are required the manufactur- 
ing process may be entirely different than if a large 
tolerance is specified. The amount of tolerance speci- 
fied will also dictate which machines can be used to 
make a part For example, a certain manufacturing 
machine may be able to hold one half of the tolerance 
compared to another manufacturing machine. If a 
large tolerance is specified both machines may be 
able to be used in mass producing a part On the other 
hand a smaller tolerance might only allow one of the 
machines to be used. 

Therefore it is evident that there is a need for a 
method and apparatus to specify, change, and carry 
the geometric tolerancing data along with the desig- 
ned part in three dimensions. 

A method for placing tolerances on three dimen- 
sional objects so that the information can be electroni- 
cally transferred along with the other data for a 
drawing in a computer aided design system is dis- 
closed. Basically, a datum is selected and defined 
mathematically in three dimensional space. The 
datum is also shown on the computer screen with the 
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aid of a datum symbol. A type of tolerance is selected, 
the numerical amount for the tolerance is input to the 
computer aided design system, the geometric ele- 
ments of an object to which a particular tolerance are 
defined and then the defined datum to which the toler- 
ance is referenced is selected. A number of datum lin- 
kage relationships are created to allow the computer 
aided drafting system to retrieve which datum symbol 
applies to which datum, and the mathematical des- 
cription of the datum. 

Advantageously, the datums and tolerances to 
which the datums refer, can now be electronically 
stored in the memory of a computer system along with 
the other data for a computer aided design drawing. 
This is a major step toward total machine automation. 
In addition, the tolerances specified by a designer are 
no longer subject to human interpretation and theref- 
ore the machining procedures will be much less prone 
to error. In addition, time will be saved since three 
dimensional drawings will not be have to be reduced 
to two dimensions in order to place the tolerances on 
the drawings. Now a designer is able to place the 
tolerances for a part directly on the three dimensional 
drawing which both saves time and reduces errors. 

For a better understanding of the present inven- 
tion reference may be had to the accompanying draw- 
ings, in which: 

Fig. 1 is a block diagram of an interactive infor- 
mation handling system in which the method of the 
present invention may be advantageously employed. 

Fig. 2 is a depiction of a screen display showing 
datums in three dimensional space according to the 
invention. 

Figs. 3A (1-4), 3B (1-4), 3C (1-4) and 3D (1^) 
depict a series of screen displays showing an 
example of the user interface used to specify toler- 
ances of various geometric objects with respect to a 
certain datum or datums. 

Fig. 4 shows the planar datum linkage relation- 
ship. 

Figs. 5A, 5B and 5C show the center linkage rela- 
tionship. 

Fig. 6 shows the center datum linkage relation- 
ship. 

Fig. 7 shows the relationship of the type of toler- 
ance to the geometric entity, such as a face, and the 
datum. 

Fig. 1 is a block diagram of an interactive infor- 
mation handling system 10, which is used to produce 
and modify three dimensional images. The infor- 
mation handling system 10 includes a video display 
terminal 12 for displaying information to an operator, 
a keyboard 13 and a mouse 14 for entering data to the 
information handling system 10; a control panel 16 
which includes controls for rotating the image about 
various axes. The system 10 also includes a memory 
18 for storing information and a microprocessor 20 
which functions as the overall control for the system 
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1 0 and interrelates the various system components to 
perform their specific functions at the appropriate 
time. The system may also include a means for inter- 
connecting one system to another system. Such a 

5 means may be a modem 22. 

In the information handling system 10 the modem 
22 shown could be replaced with a set of buses to con- 
nect the information handling system to a mainframe. 
The information handling system 10 is the hardware 

10 that is used with a set of program instructions called 
software to form what is generally known as a com- 
puter aided design (CAD) system. 

One common use of graphics display systems in 
engineering is in computer aided drafting. Fig. 2 

15 shows a display or screen of the video display termi- 
nal 12. Typically computer aided drafting systems are 
capable of drawing all of the traditional lines and 
shapes of manual drawing systems and operate 
under prompting and menu control. A screen cursor 

20 30 (see Figs. 3C and 3D) is used to designate coor- 
dinate data points and to interact with the drawing. 
Some computer aided drafting systems store stan- 
dard shapes such as circles and rectangles. Shown in 
Fig. 2 is a wire frame view or wire frame model of an 

25 object 32. The wire frame View is a three dimensional 
view showing just the edges of the object 32. A typical 
computer aided drafting system also has the capabi- 
lity of producing two dimensional drawings as well. 
However, this invention deals mainly with three 

30 dimensional views on a computer aided drafting sys- 
tem. 

The screen or display of the video display termi- 
nal 12 shown in Fig. 2 also shows a datum plane 34. 
The datum plane 34 is defined mathematically as are 

35 the other planes which comprise the wire frame model 
of the object 32. The datum plane 34 is depicted as a 
box or rectangle coplanar with the same plane in 
which the datum plane is defined. Depending on the 
view in a three dimensional perspective drawing, the 

40 box or rectangle actually may be depicted as a box or 
rectangle or a parallelogram. Inside the box or rec- 
tangle depicting the datum plane 34 is a letter "A" 
which is used to designate the datum plane 34 from 
other datum planes. Typically, the mathematical des- 

45 cription of the datum plane corresponds to one of the 
planes defined by one of the planar edges of the 
object 32. In most instances three datum planes are 
defined, although there are drawings in which only 
one or two datum planes are defined. Typically, the 

so other datum planes are orthogonal to the first datum 
plane and to each other. The other datum planes also 
are defined mathematically and are displayed as 
boxes in these planes with the letters °B° and "C\ Of 
course it should be understood that other letters can 

55 be used to designate and reference these datum 
planes. 

Also included in Fig. 2 is a centeriine 40, which is 
defined by the axial center of the cylindrical opening 
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in the object 32. It should be noted that a centeriine 
may also be defined as the axial center or a cylinder 
or shaft as well as the cylindrical opening in an object 
The centeriine can be used to define a centeriine 
datum in the same manner as a face can be used to s 
define a planar datum. The centeriine is also 
mathematically defined and referenced in the three 
dimensional system. As shown in Fig. 2, the-center- 
line 40 has also been designated a datum. A datum 
symbol 26 is attached to the centeriine 40 to desig- 10 
nate that the centeriine 40 has been designated a 
centeriine datum. The datum symbol has one of its 
edges col i near with the centeriine 40 and inside the 
box or rectangle which is part of the symbol 26 is the 
letter "D". 15 

Advantageously, the datums, both plane datums 
and centeriine datums, are mathematically defined 
and stored in the memory 18 of the information hand- 
ling system 10. The datums are then defined and 
known to the computer aided drafting system until the to 
datums are redefined. Once in memory 18, the data 
used to reference the plane datums and the centeriine 
datums can also be transferred electronically with the 
other data of the drawings. In the past, computer 
aided drafting systems did not have this capability. 25 
Three dimensional drawings were reduced to two 
dimensional drawings and datums for a plane, for 
example, were actually written near a line in the two 
dimensional view. The datum would then have to be " 
interpreted by a human since there was no way to des- 30 
cribe its three dimensional location in the two dimen- 
sional drawing. 

In use, first the designer uses a screen cursor 30 
(shown in Figs. 3C and 3D) to select a tolerance type 
from a number of choices available. One method of 35 
indicating the tolerance type is to use the standard 
Geometric Data & Tolerancing symbols as defined be 
ANSI Standard Number Y14.5M - 1982 ("GD&T Sym- 
bols"). After designating the particular tolerance type, 
the designer then enters the tolerance value over 40 
which the designated geometric element, such as a 
face or a centeriine can vary. If a reference to a datum 
is desired, then the designer will select the datum or 
datums which are to be referenced. The next step is 
to select the various geometric elements to which the 45 
tolerance applies. For example, if the tolerance is for 
parallelism of a face to a planar datum, the designer 
will select parallelism from a menu of choices, then 
type a numerical value on the keyboard, then select 
a planar datum symbol and then selects the face to so 
which the parallelism tolerance applies. The various 
tolerance relationships and datums to which they can 
be referenced is typically defined by the ANSI Stan- 
dard Number Y14.5M - 1982 for Geometric Dimen- 
sioning and Tolerancing ("GD&T). It should be noted 55 
that the order of these steps can vary depending on 
the type of computer aided design system and based 
on the software design and still be within the scope of 



this invention. The above described order is merely 
one way of designating a planar datum. 

Similarly, the centeriine datum is used during the 
design phase in much the same way as described 
above. The centeriine datum is mathematically 
defined and stored in memory. The designer desig- 
nates the particular geometry, such as a face or cylin- 
drical opening, that will refer to the centeriine datum 
for the tolerance, designates the type of tolerance, 
designates the allowable tolerance and the centeriine 
datum which is referenced. For example, the cytin- 
dricity of an opening can be designated with respect 
to a centeriine datum or the angularity of an opening 
can be designated with respect to a particular face of 
an object such as a wireframe model, volumetric 
model or a solid model. Other tolerances such as 
those designated by ANSI Standard Number Y14.5M 
- 1982 can also be designated with respect to a cen- 
teriine datum. It should also be noted that the designer* 
or operator designates the tolerances for geometric 
elements referring to a centeriine datum following the 
same steps as described in the preceding paragraph. 

Figures 3A, 3B, 3C and 3D show an example of 
a series of screen displays which occur as a designer 
uses the computer aided drafting system. Each of the 
Figures 3A - 3D includes the object 32 and has three 
datum planes A, B, and C. Also included in each of the 
Figures is a centeriine 40 which has been designated 
centeriine datum D. Also included on each of the Fig- 
ures is a tolerance block 35 which is used to interface 
with the designer or operator of the computer aided 
drafting system. As shown in Figure 3A, the designer 
has selected "parallel" as the tolerance type. A sym- 
bol 36 which indicates that the designer has selected 
parallelism appears in the tolerance block 35. Figure 
3B shows the screen after the designer has typed in 
the numerical value from the keyboard 1 3. The nu- 
merical amount then appears in the tolerance block 
adjacent the symbol 36 for the tolerance type. Figure 
3C shows the computer screen after the designer has 
selected the datum which will be referenced. In this 
particular instance the screen cursor 30, which 
appears as a circle at the intersection of two lines, is 
located on the datum A which was selected. The par- 
ticular datum then appears in the tolerance block 35. 
In Figure 3D, the designer or operator takes the next 
step of selecting the geometric element to which the 
tolerance applies. The screen cursor is moved using 
the mouse 14 to the particular geometric elements or 
elements to which the tolerance applies. In Figure 3D, 
the mouse 14 has been used to position the screen 
cursor 30 on the plane to which the tolerance applies. 

Within the information handling system 1 0 a num- 
ber of linkage relationships are formed when the de- 
signer or user of the computer aided drafting system 
designates the datum, and the particular geometric 
body to which a tolerance applies. The linkage rela- 
tionships are simply a set of pointers which link the 
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data items. Fig. 4 shows such a linkage relationship 
for a plane datum. The datum linkage relationship is 
designated by reference numeral 50. The particular 
face from which the plane datum is defined is desig- 
nated by box 51. The plane datum symbol is represen- 
ted as box 52. A mathematical description of the plane 
datum is represented as box 54. A pointer points from 
the plane datum 52 to the mathematical description of 
the plane datum 54. A pointer also points from the 
datum linkage relationship 50 to the face 51; another 
pointer points from the datum linkage relationship 50 
to the plane datum symbol 52. The datum linkage rela- 
tionship which is formed thus allows the computer 
aided drafting system to access the datum symbol 52 
and the face from which the datum is defined, for a 
particular linkage relationship. 

Figures 5A, 5B and 5C show the various center 
relationship for centerlines, centerplanes and center- 
points. Fig. 5A shows a center linkage relationship for 
a centeriine 40. The center linkage relationship is 
designated by reference numeral 42. Due to the 
mathematics in a computer aided design system two 
faces are sometimes used to define a centeriine 40. 
Centeriine linkage relationship 42 includes a center- 
line symbol 43 that has a mathematical description 
depicted by box 44 and a first face 46 and a second 
face 48. Pointers point from the centeriine linkage 
relationship 42 to the first face 46, the second face 48 
and the centeriine symbol 43. Another pointer points - 
from the centeriine symbol 43 to the mathematical 
description 44 of the centeriine symbol 43. The cen- 
teriine linkage relationship formed allows the com- 
puter aided drafting system to access the particular 
faces 46, 48 to which the centeriine is referenced for 
a particular linkage relationship. In addition, the cen- 
teriine linkage relationship allows the computer aided 
drafting system to access the particular centeriine 40 
given the particular faces 46 and 48. 

Figures 5B and 5C may similarly show the rela- 
tionships for a centerplane and a centerpoint Since 
the description would be so similar, Figs. 5B and 5C 
will not be described in detail. 

Once a particular center is designated as a center 
datum, a center datum linkage relationship 60 as 
shown in Fig. 6 is created for the center datum. The 
center datum linkage relationship 60 includes a center 
datum symbol 62 that has a mathematical description 
depicted by box 64 and a center symbol which can 
include centerlines, centerplanes or centerpoints 
depicted by box 66. Pointers point from the center 
datum linkage relationship 60 to the center 66 and to 
the center datum symbol 62. Another pointer points 
from the center datum 62 to the mathematical descrip- 
tion 64 of the center datum. It should be noted that a 
tolerance related to a center datum may be based on 
faces or other datums. The center datum linkage rela- 
tionship formed allows the computer aided drafting 
system to access the particular center and the datum 
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symbol 62 from which the center datum is defined, for 
a particular center datum linkage relationship. 

Stored with each of the relationships between 
datum entities, such as the center datum relationship 

5 60 and the datum linkage relationship is the infor- 
mation related to dimensions and tolerances. The 
dimension and tolerance information can also be 
depicted as a relationship. The general form of a 
dimension and tolerance relationship is shown in Fig. 

10 7. A tolerance relationship 70 is shown as an 
example. Included with the tolerance relationship 70 
is a face 72 and a datum 74 and a tolerance descrip- 
tion 76. The tolerance description 76 is the type of 
tolerance, such as flatness of a face. The tolerance 

15 description also includes the amount of tolerance that 
is specified with respect to a particular datum or other 
geometric element 

it should be understood that the invention des- 
cribed above can be used on all types of computer 

20 aided design systems which display ail types of mod- 
els including wireframe, solid and volumetric models. 



Claims 

25 

1. A method for dimensioning and tolerancing an 
object on a computer screen, said object shown 
in three dimensional space, the method compris- 
ing the steps of. 

30 defining a datum mathematically in three 

dimensional space; 

selecting a type of tolerance and the mag- 
nitude of the tolerance; and 

selecting a geometric element of an object 
35 displayed in three dimensional space to which the 
type of tolerance and magnitude of the tolerance 
applies; 

relating the type of tolerance and the mag- 
nitude of the tolerance to the selected geometric 
40 object and to the defined datum. 

2. The method for dimensioning and tolerancing an 
object on a computer screen as defined in Claim 

1 further comprising the step of storing the infor- 
ms mation forthe step of relating the type of tolerance 

and magnitude of the selected tolerance to the 
selected geometric object 

3. The method for dimensioning and tolerancing an 
so object on a computer screen as defined in Claim 

2 further comprising the step of producing a sym- 
bol representing the selected datum on the com- 
puter screen. 

55 4. The method for dimensioning and tolerancing an 
object on a computer screen as defined in Claim 

3 wherein the step of producing a symbol for a 
plane datum includes the step of producing a box 
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or parallelogram co planar with the designated 
datum plane in the three dimensional drawing of 
the object 

5. The method for dimensioning and tolerancing an s 
object on a computer screen as defined in Claim 

3 wherein the step of producing a symbol for a 
datum for a centerplane includes the step of pro- 
ducing a box or parallelogram coplanar with the 
designated datum for the centerplane in the three w 
dimensional drawing of the object 

6. The method for dimensioning and tolerancing an 
object on a computer screen as defined in Claim 

3 wherein the step of producing a symbol for a 15 
centeriine datum includes the steps of producing 
a box or parallelogram having one edge colinear 
with the centeriine designated the centeriine 
datum in the three dimensional drawing of the 
object 20 

7. A computer aided design system comprising: 

means for designating a datum in three 
dimensional space; 

means for defining the designated datum 25 
mathematically; and 

means for storing the mathematical defini- 
tion of the datum so that information related to the 
designated datum can be stored along with other - 
data for an object shown in three dimensional 30 
space. 

8. The computer aided design system as defined in 
Claim 7 further comprising means for displaying 

a symbol on a computer screen which denotes 35 
the designated plane. 

9. The computer aided design system as defined in 
Claim 8 further comprising means for designating 

a geometric element to which the tolerance 40 
applies. 

1 0. The computer aided design system as defined in 
Claim 9 further comprising means for entering the 
type of tolerance and the associated numerical 45 
value. 

1 1. The computer aided design system as defined in 
Claim 10 further comprising means for relating 

the type of tolerance and the associated numeri- so 
cal value to the designated geometric element to 
which the tolerance applies. 
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